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Experimental Procedures
The spin-coupled method.
The spin-coupled (SC) wave function for a system of N electrons with total spin S (and projection M) is expressed in terms of nonorthogonal singly occupied orbitals according to:
where is the antisymmetrizing operator, Θ S,M;k N is the k-th spin-eigenfunction for the N-electron system, Φ is the product of N spatial functions {ϕ i } i=1 N (namely, the SC orbitals):
and c S,k are the SC coefficients that weight the importance of each spin-coupled structure in the wave function ψ SC S,M , also through the determination of the Chirgwin-Coulson coefficients:
with S kj as the overlap integral between the spin-coupled structures ψ S,M;k N and ψ S,M;j N . Lastly, f S N is the number of linearly independent spin eigenfunctions which, for a system of N electrons with total spin S, is defined as:
for each value M of the projection of S.
To reduce the computational cost associated with the SC calculation, the electrons of the system are usually subdivided into two groups: a subset of 2N 1 core electrons and a subset of N v valence electrons. Only the latter are treated at SC level, while the former are described by frozen doubly occupied Molecular Orbitals previously obtained by means of a Hartree-Fock computation. In this case the SC wave function assumes this form:
where ϕ i c is a frozen "core spin-coupled orbital" with spatial part ϕ i c and spin part α, ϕ � i c is a frozen "core spin-coupled orbital" with spatial part ϕ i c and spin part β, Θ S,M;k N v is the k-th spin-eigenfunction for the N v valence electrons in the spin-state (S, M), and Φ v is the product of the N v "valence spin-coupled orbitals", namely:
All the active SC orbitals are expanded over a set of basis functions �χ µ � with H � as the traditional non-relativistic Hamiltonian operator for a system of N electrons. Figure S1 . Plots of the squared symmetry-unique SC orbitals of Br, HBr, HCCBr and NCBr, with contour levels drawn at 2, 4, 8 × 10 n au, with n as an integer ranging from -4 to 0. Figure S2 . Plots of the differences between squared symmetry-unique SC orbitals of NCBr and HBr (left), HCCBr and HBr (centre), NCBr and HCCBr (right). 
